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Executive Summary

The City of San Diego (City) conducts extensive
ocean monitoring to evaluate potential environmental
effects from the discharge of treated wastewater
to the Pacific Ocean via the South Bay Ocean
Outfall (SBOO). The data collected are used to
determine compliance with receiving water conditions
as specified in the National Pollution Discharge
Elimination System (NPDES) permits for the City’s
South Bay Water Reclamation Plant (SBWRP) and
the International Wastewater Treatment Plant (IWTP)
operated by the United States International Boundary
and Water Commission (USIBWC). Since treated
effluent from the SBWRP and IWTP commingle
before being discharged to the ocean through the
SBOO, a coordinated single monitoring and reporting
program approved by the San Diego Regional Water
Quality Control Board (RWQCB) and United States
Environmental Protection Agency (USEPA) is
conducted to comply with both permits.

The primary objectives of the ocean monitoring
program for the South Bay outfall region are to:
(a) measure compliance with NPDES permit
requirements and California Ocean Plan (Ocean Plan)
standards, (b) monitor changes in ocean conditions
over space and time, and (c) assess any impacts of
wastewater discharge or other man-made or natural
influences on the local marine environment, including
effects on water quality, sediment conditions and
marine life. The monitoring region encompasses
an area of approximately 345 km? (~133 mi?),
which is centered around the SBOO discharge site
located approximately 5.6 km offshore at a depth of
27 m. Shoreline monitoring extends from Coronado
(San Diego) southward to Playa Blanca in northern
Baja California (Mexico), while regular offshore
monitoring occurs in adjacent waters overlying the
continental shelf at depths of about 9 to 55 m.

Prior to the initiation of wastewater discharge in
1999, the City conducted a 3% year baseline study
designed to characterize and document background
conditions in the South Bay outfall region.

Additionally, a larger-scale regional survey of
benthic conditions is typically conducted each year
at randomly selected sites ranging from northern
San Diego County to the USA/Mexico border. These
regional surveys are useful for evaluating patterns
and trends over larger geographic areas, thus
providing additional information to help distinguish
possible reference areas from sites impacted by
anthropogenic influences. The results of the 2010
regional survey off San Diego are presented herein.

The receiving waters monitoring activities for the
South Bay outfall region are separated into several
major components that are organized into nine
chapters in this report. Chapter 1 presents a general
introduction and overview of the ocean monitoring
program, while chapters 2-7 discuss monitoring
results for calendar year 2010. Specifically, in
Chapter 2, data characterizing ambient physical
and chemical oceanographic parameters and water
mass transport for the South Bay outfall region
are evaluated. Chapter 3 presents the results
of water quality monitoring conducted along
the shore and in local coastal waters, including
measurements of fecal indicator bacteria (FIB)
to determine compliance with Ocean Plan water
contact standards. Assessments of benthic sediment
quality and the status of soft-bottom macro-
benthic invertebrate communities are presented in
Chapters 4 and 5, respectively. Chapter 6 presents
the results of trawling activities designed to monitor
communities of bottom dwelling (demersal) fishes
and megabenthic invertebrates. Bioaccumulation
assessments to determine contaminant loads in
the tissues of local fishes captured via trawls or by
hook and line are presented in Chapter 7. Results
of the summer 2010 San Diego regional survey
of sediment conditions and benthic macrofaunal
communities are presented in Chapters 8 and 9,
respectively. In addition to the above activities, the
City and USIBWC support other projects relevant to
assessing the quality and movement of ocean waters
in the region. One such project involves aerial and



satellite imaging of the San Diego/Tijuana coastal
region, the results for 2010 which are incorporated
into Chapters 2 and 3.

This report focuses on the results and conclusions
of all ocean monitoring activities conducted in the
South Bay outfall region from January 2010 through
December 2010. An overview and summary of
the main findings for each of the major program
components are included below.

OcEANOGRAPHIC CONDITIONS

The South Bay outfall region was characterized
by typical oceanographic conditions in 2010. This
included seasonal patterns such as localized upwelling
with corresponding phytoplankton blooms in the
spring and summer, maximum stratification (layering)
of the water column in late summer and early fall, and
reduced stratification during the winter. Although
some differences in salinity were observed near the
discharge site, it was evident that any variation among
stations was small and restricted to a highly localized
area. Aerial imagery observations confirmed that
the wastewater plume reached near-surface waters
directly above the SBOO discharge site during the
months of January, February, March and December
when the water column was weakly stratified.
In contrast, the plume remained deeply submerged
between April and November when stratification was
greater. Overall, ocean conditions during the year
were consistent with patterns that have been well
documented for southern California and northern Baja
California. These findings suggest that natural factors
such as upwelling of deep ocean waters and effects
of widespread climatic events (e.g., El Nifio/La Nifia
oscillations) continue to explain most of the temporal
and spatial variability observed in the coastal waters
off southern San Diego.

WATER QUALITY

There was no evidence that contaminated waters
associated with wastewater discharge via the SBOO
reached nearshore recreational waters off southern

San Diego in 2010. Although elevated FIB levels were
detected in seawater samples collected along or near
the shore during winter months, this contamination
did not appear to be due to shoreward transport of the
wastefield. Instead, the contamination was likely the
result of heavy rainfall that increased outflows and
the dispersion of associated turbidity plumes from the
Tijuana River (USA) and Los Buenos Creek (Mexico).
For example, 85% or more of all elevated FIBs
recorded at the shore and kelp stations occurred during
the wet season when rainfall was greatest. This general
relationship between increased rainfall and high
bacteria counts in local waters has remained consistent
since monitoring began, including the 3—4 year period
prior to wastewater discharge. The majority of elevated
FIBs reported during the summer when rainfall was
minimal occurred at shore stations located south of
the international border and near known sources of
contamination that are not associated with the SBOO.
Most of the elevated FIB levels found close to the
outfall were detected at a few nearfield sites located
within 1000 m of the diffuser legs and at depths of
18 m or more.

Bacterial compliance levels were summarized
as the number of days that each of the shore and
kelp bed stations located in U.S. waters exceeded
various Ocean Plan standards during each month.
Due to regulatory changes that became effective
August 1, 2010, compliance was assessed using the
water contact standards specified in the 2001 Ocean
Plan for samples collected from January 1 through
July 31, 2010, whereas samples collected after
August 1, 2010 were assessed using 2005 Ocean
Plan standards. Bacterial compliance during the year
was relatively high throughout the year with an
overall compliance rate of 87% at these stations.

SEDIMENT CONDITIONS

The composition of benthic sediments sampled at
the 27 regular (fixed-grid) South Bay outfall stations
in 2010 varied from fine silts to very coarse sands or
other relatively large particles (e.g., gravel, shells), and
was similar to patterns seen in previous years. No
apparent spatial relationship between sediment particle



size and proximity to the discharge site exists,
nor has there been any substantial increase in fine
sediments at nearfield stations or throughout the
region since wastewater discharge began. Instead,
the diversity of sediment types reflects multiple
geological origins, or suggests complex patterns of
transport and deposition from sources such as the
Tijuana River and San Diego Bay.

Overall sediment quality at the South Bay outfall
monitoring sites in 2010 was similar to previous
years, and there was no evidence of contaminant
accumulation associated with wastewater discharge.
Concentrations of various trace metals, indicators
of organic loading, pesticides (e.g., DDT), and
PCBs varied widely throughout the region, with no
patterns that could be attributed to the outfall or any
other point sources. Instead, the accumulation of
contaminants in sediments continued to be linked to
natural environmental heterogeneity. For example,
concentrations of organic loading indicators such
as total organic carbon and total nitrogen, along
with several metals, were typically higher at sites
characterized by finer sediments, a pattern consistent
with results from other studies. In addition, most
contaminants detected in local sediments were
within the range of predischarge values reported for
the region. Finally, the potential for environmental
degradation by the contaminants detected during the
year was evaluated using the effects-range low (ERL)
and effects-range median (ERM) sediment quality
guidelines when available. During 2010, there were no
exceedances of the ERL or ERM thresholds.

MACROBENTHIC COMMUNITIES

Benthic macrofaunal assemblages surrounding the
SBOO were similar in 2010 to those encountered
during previous years, including the period prior
to wastewater discharge. These assemblages were
typical of those that occur in other sandy, shallow-
and mid-depth habitats throughout the Southern
California Bight (SCB). For example, most of the
sandier, shallower sites contained high abundances of
the spionid polychaete Spiophanes norrisi, a species
characteristic of similar habitats and assemblages in

the SCB. In contrast, slightly different macrofaunal
assemblages occurred at mid-depth stations that had
finer sediments characteristic of much of the southern
California mainland shelf.

Benthic community structure parameters such
as species richness and total abundance varied with
depth and sediment type, with no clear patterns
relative to the SBOO discharge area. Instead, spatial
patterns in macrofaunal abundance appear to be
largely driven by changes in S. norrisi populations.
The range of abundance values for macrobenthic
invertebrates in 2010 was similar to that seen in
previous years, and results for the benthic response
index (BRI) were generally characteristic of reference
conditions for the SCB. In addition, changes that did
occur during the year were similar in magnitude
to those that have occurred previously in southern
California waters, and correspond to large-scale
oceanographic processes or other natural events.
Overall, macrofaunal assemblages in the region
remain similar to those observed prior to wastewater
discharge and to natural indigenous communities
characteristic of similar habitats on the southern
California continental shelf. There was no evidence
that wastewater discharge has caused degradation of
the marine benthos in the region.

DeMERsAL FisHEs AND
MEGABENTHIC INVERTEBRATES

Speckled sanddabs continued to dominate fish
assemblages surrounding the SBOO in 2010
as they have in previous years. This species
occurred at all stations and accounted for 49% of
the total catch for the year. Other characteristic,
but less abundant species included the California
lizardfish, yellowchin sculpin, English sole,
roughback sculpin, hornyhead turbot, California
tonguefish, and longfin sanddab. Although the
composition and structure of the fish assemblages
varied among stations, these differences were
mostly attributable to variation in speckled
sanddab, California lizardfish, white croaker,
yellowchin sculpin and English sole populations.
Assemblages of relatively large (megabenthic), trawl-



caught invertebrates in the region were dominated by
the shrimp Crangon nigromaculata and the sea star
Astropecten verrilli. Variations in megabenthic
community structure generally reflect changes in
the abundance of these two species, as well as
other common invertebrates such the sand dollar
Dendraster terminalis, the crab Portunus xantusii,
the brittle stars Ophiothrix spiculata and Ophiura
luetkeni, the shrimp Sicyonia ingentis, and the squid
Doryteuthis opalescence.

Overall, results of the 2010 trawl surveys indicated
that demersal fish and megabenthic invertebrate
communities in the region were unaffected by
wastewater discharge. The relatively low species
richness and small populations of both fish and mega-
invertebrates are consistent with the shallow, sandy
habitat that was surveyed. Patterns in the abundance
and distribution of species were similar at stations located
near the outfall and farther away, suggesting a lack of
significant anthropogenic influence. Additionally,
the examination of each fish for evidence of disease
(e.g., tumors, fin erosion, skin lesions) or ectoparasites
indicated that local fish populations remain healthy.
For example, external parasites and other external
abnormalities occurred in less than 0.1% of the fish
collected in the South Bay outfall region during 2010.
These results were consistent with findings from
previous years.

CoNTAMINANTS IN FisH TISSUES

The accumulation of contaminants in marine fishes
may be due to direct exposure to contaminated water
or sediments or to the ingestion of contaminated
prey. Consequently, the bioaccumulation of chemical
contaminants in local fishes was assessed by analyzing
liver tissues from trawl-caught fishes and muscle tissues
from species captured by hook and line. Results from
both the liver and muscle tissue analyses indicated
no evidence to suggest that contaminant loads in
fishes captured in the South Bay outfall region were
affected by wastewater discharge in 2010. Although
several tissue samples contained metals that exceeded
pre-discharge maximums, concentrations of most
contaminants were generally similar to that observed

prior to discharge. In addition, tissue samples that did
exceed pre-discharge contaminant levels were collected
from fishes that were widely distributed throughout the
region and showed no pattern relative to the discharge
site. Furthermore, all tissue contaminant concentrations
were within the range of values reported previously
for southern California fishes.

The occurrence of both metals and chlorinated
hydrocarbons in fishes living around the South Bay
outfall may be due to many factors, including the
ubiquitous distribution of many contaminants in
southern California coastal sediments. Other factors
that affect the bioaccumulation and distribution of
contaminants in local fishes include the different
physiologies and life history traits of various species.
Additionally, exposure to contaminants can vary greatly
between species of fish and even among individuals of
the same species depending on migration habits. For
example, a fish may be exposed to contaminants in a
polluted area and then migrate to a region that is less
contaminated. This is of particular concern for fishes
collected in the vicinity of the SBOO, as there are many
other point and non-point sources that may contribute
to contamination.

SaN Dieco REGIONAL SURVEY

The summer 2010 San Diego regional benthic
survey covered an area ranging from offshore of
Del Mar south to the USA/Mexico border. A total
of 40 new, randomly selected sites were sampled at
depths ranging from 9 to 433 m, and spanned four
distinct depth strata as characterized by the SCB
Regional Monitoring Programs (i.e., inner shelf,
mid-shelf, outer shelf, upper slope).

Regional Sediments

Particle size composition of sediments at the
regional stations sampled in 2010 was typical for
continental shelf and upper slope benthic habitats
off southern California, and consistent with results
from previous surveys. These sediments consisted
mainly of sands, with the percentage of silt and clay
(percent fines) increasing with depth. However,



several exceptions to this general pattern occurred
throughout the region, particularly at outer shelf
sites along the Coronado Bank, a southern rocky
ridge located southwest of Point Loma at depths
of 150-170 m. Sediment composition in this area
is generally coarser than stations located at similar
depths west of Point Loma and further to the north.

As with particle size distributions, regional
patterns of sediment contamination were similar
in 2010 to those observed in previous years. For
example, concentrations of total nitrogen and
several trace metals were found to increase with
increasing percent fines. Since the percentage
of these fine sediments typically increases with
depth, many contaminants were detected at higher
concentrations in deeper strata compared to the
inner and mid-shelf areas. For example, the highest
concentrations of most contaminants were found
along the upper slope where some of the finest
sediments were measured.

Overall, there was no evidence of widespread
degradation of sediment quality at the stations surveyed
during the July 2010 regional survey. ERL threshold
values were exceeded in only one sample for lead
(station 8023), one sample for nickel (station 8037),
and two samples for DDT (stations 8012 and 8028).
The total DDT measured in the sample from station
8028 was also the only exceedance of the ERM
threshold at the regional sites.

Regional Macrofauna

The SCB benthos has long been considered to be
composed of heterogeneous or “patchy” habitats, with
the distribution of species and communities exhibiting
considerable spatial variability. Results of the summer
2010 regional survey off San Diego generally
support this characterization. Benthic macrofaunal
assemblages in the region appeared to segregate
primarily by habitat characteristics such as depth
(i.e., strata) and sediment grain size, and were similar
to assemblages observed during previous years.

About one-third of the benthos sampled off San
Diego in 2010 was characterized by mixed sediment

(~41% fines) assemblages that occurred along the
mid- to outer shelf at depths of 50—123 m. These
assemblages were dominated by the brittle star
Amphiodia urtica, and correspond to the Amphiodia
“mega-community” described previously off southern
California. Deeper assemblages devoid of A. urtica
and that were dominated instead by polychaetes
(e.g., Aphelochaeta glandaria, Monticellina siblina,
and Chaetozone sp SD5) occurred at outer shelf
depths between 125-161 m where sediments were
relatively coarse (~22% fines). Several nearshore
assemblages were also present that are similar to
those found in other shallow, sandy habitats in the
SCB and as described above for the regular SBOO
fixed-grid survey monitoring area. The upper slope
and deepest outer shelf habitats surveyed during the
year were characterized by higher percentages
of fine sediments (averaging ~64-71% fines)
than found at shallower shelf sites. For example,
macrofaunal assemblages from the five upper
slope stations that occurred at depths <320 m
clustered with those from the two deepest outer
shelf stations. This shelf-slope transition assemblage
lacked high abundances of A. urtica, but was instead
dominated by polychaetes such as Spiophanes
kimballi, Mediomastus sp, and Maldane sarsi. In
contrast, macrofaunal assemblages present at the two
deepest upper slope stations (depths >420 m) where
sediments averaged 71% fines comprised their own
separate clade. This group was distinguished by
considerably fewer species and lower abundances
than elsewhere, and was represented by M. sarsi
and the bivalve Yoldiella nana as the most
characteristic species

Although benthic communities off San Diego
vary across depth and sediment gradients, there
was no evidence of disturbance during the
2010 regional survey that could be attributed to
wastewater discharges, disposal sites or other
point sources. Benthic macrofauna appear to be
in good condition throughout the region, with
92% of the sites surveyed being classified in
reference condition based on assessments using
the benthic response index (BRI). This pattern is
consistent with recent findings for the entire SCB
mainland shelf.



CONCLUSIONS

The findings and conclusions for the ocean
monitoring efforts conducted for the South Bay
outfall region during calendar year 2010, as well
as the summer 2010 San Diego regional benthic
survey, were consistent with previous years. Overall,
there were limited impacts to local receiving waters,
benthic sediments, and marine invertebrate and
fish communities. There was no evidence that the
wastefield from the outfall reached recreational waters
during the year. Although elevated bacterial levels did
occur in nearshore areas, such instances were largely

associated with rainfall and associated runoff during
the wet season and not to shoreward transport of the
wastewater plume. There were also no outfall related
patterns in sediment contaminant distributions, or in
differences between the various macrobenthic
invertebrate and fish assemblages. The general
lack of disease symptoms in local fish populations,
as well as the low level of contaminants detected
in fish tissues, was also indicative of a healthy
marine environment. Finally, results of the
regional benthic survey conducted during the
year also revealed no outfall related effects,
and that benthic habitats in the region remain in
good condition similar to much of the southern
California continental shelf.
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Chapter 1. General Introduction

INTRODUCTION

The South Bay Ocean Outfall (SBOO) discharges
treated effluent to the Pacific Ocean that
originates from two separate sources, including
the International Wastewater Treatment Plant
(IWTP) operated by the International Boundary
and Water Commission (USIBWC), and the City
of San Diego’s South Bay Water Reclamation
Plant (SBWRP). Wastewater discharge from the
IWTP began on January 13, 1999 and is performed
under the terms and conditions set forth in Order
No. 96-50, Cease and Desist Order No. 96-52 for
National Pollutant Discharge Elimination System
(NPDES) Permit No. CA0108928. Discharge
from the SBWRP began on May 6, 2002 and is
currently performed according to the provisions
set forth in Order No. R9-2006-0067 for NPDES
Permit No. CA0109045. The Monitoring and
Reporting Program (MRP) included in each of the
above permits and orders defines the requirements
for monitoring receiving waters in the South
Bay coastal region, including sampling designs,
compliance criteria, types of laboratory analyses,
and data analysis and reporting guidelines.

All receiving waters monitoring for the South Bay
outfall region with respect to the above MRPs
has been performed by the City of San Diego
since wastewater discharge began in 1999. The
City also conducted 3% years of pre-discharge
monitoring in order to characterize background
environmental conditions for the region (City of
San Diego 2000a). The results of this baseline
study provide background information against
which post-discharge data and conditions
may be compared. In addition, the City has
conducted annual region-wide surveys off the
coast of San Diego since 1994 either as part
of regular South Bay monitoring requirements
(e.g., City of San Diego 1998, 1999, 2000b,
2001-2003, 2006-2010) or as part of larger,
multi-agency surveys of the entire Southern
California Bight (e.g., Bergen et al. 1998, 2001,

Noblet et al. 2002, Ranasinghe et al. 2003, 2007,
Schiff et al. 2006). Such large-scale surveys are
useful in characterizing the ecological health of
diverse coastal areas and may help to identify and
distinguish reference sites from those impacted
by wastewater or stormwater discharges, urban
runoff, or other sources of contamination.

Finally, the City and USIBWC also contract
with Ocean Imaging of Solana Beach, California
to conduct a remote sensing program for the
San Diego/Tijuana region as part of the ocean
monitoring programs for the Point Loma and
South Bay outfall areas. Imagery from satellite
data and aerial sensors produce a synoptic picture
of surface water clarity that is not possible using
shipboard sampling alone. However, a major
limitation of aerial and satellite images is that
they only provide information about surface or
near-surface waters (~0-15 m) without providing
direct data regarding the movement, color,
or clarity of deeper waters. In spite of these
limitations, one objective of this project is to
ascertain relationships between the various types
of imagery and data collected in the field. With
public health issues being a paramount concern
of ocean monitoring programs, any information
that helps to provide a clearer and more complete
picture of water conditions is beneficial to the
general public as well as to program managers
and researchers. Having access to a large-scale
overview of surface waters within a few hours
of image collection also has the potential to
bring the monitoring program closer to real-time
diagnoses of possible contamination, and adds
predictability to the impact that natural events
such as storms and heavy rains may have on
shoreline water quality. Results from the remote
sensing program for calendar year 2010 are
summarized in Svejkovsky (2011).

This report presents the results of all receiving waters
monitoring activities conducted as part of the South
Bay ocean monitoring program in 2010. Included



are results from all fixed stations that comprise a grid
surrounding the South Bay outfall, as well as results
from the summer 2010 regional benthic survey of
randomly selected sites off San Diego. The results
of the remote sensing surveys conducted during
the year as reported by Svejkovsky (2011) are
also considered and integrated into interpretations
of oceanographic and water quality data (e.g.,
fecal indicator bacteria, total suspended solids,
oil and grease). Comparisons are also made
herein to conditions present during previous
years in order to evaluate changes that may be
related to wastewater discharge and transport or to
other anthropogenic or natural factors. The major
components of the monitoring program are covered
in the following chapters: Oceanographic Conditions,
Water Quality, Sediment Conditions, Macrobenthic
Communities, Demersal Fishes and Megabenthic
Invertebrates, Bioaccumulation of Contaminants in
Fish Tissues, Regional Sediment Conditions, and
Regional Macrobenthic Communities. Some general
background information and procedures for the
regular fixed-grid monitoring and regional surveys
and associated sampling designs are given below
and in subsequent chapters and appendices.

REecuULAR FixeEp-GRID MONITORING

The SBOO is located just north of the border
between the United States and Mexico. The
outfall terminates approximately 5.6 km offshore
at a depth of about 27 m. Unlike other southern
California ocean outfall structures that are located
on the surface of the seabed, the pipeline first
begins as a tunnel on land and then continues under
the seabed to a distance of about 4.3 km offshore.
From there it connects to a vertical riser assembly
that conveys effluent to a pipeline buried just
beneath the surface of the seabed. This subsurface
pipeline then splits into a Y-shaped multiport
diffuser system (i.e., wye), with the two diffuser
legs extending an additional 0.6 km to the north
and south. The outfall was originally designed to
discharge wastewater via a total of 165 diffuser
ports and risers, which included one riser located
at the center of the wye and 82 others spaced along
each diffuser leg. However, consistent low flows
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Figure 1.1
Receiving waters monitoring stations for the South Bay

Ocean Outfall Monitoring Program.
|

have required closure of all ports along the northern
diffuser leg and many along the southern diffuser
as well since discharge began in order to maintain
sufficient back pressure within the drop shaft so
that the outfall can operate in accordance with
the theoretical model. Consequently, wastewater
discharge has been generally limited to the distal
end of the southern diffuser leg, with the exception
of a few intermediate points at or near the center of
the diffuser legs.

The regular sampling area for the South Bay outfall
region extends from the tip of Point Loma southward
to Playa Blanca, northern Baja California (Mexico),
and from the shoreline seaward to a depth of about
61 m (Figure 1.1). The offshore monitoring stations
are arranged in a grid that spans the terminus of the
outfall, with each site being monitored in accordance
with NPDES permit requirements. Sampling
at these fixed (core) stations includes monthly
seawater measurements of physical, chemical, and
bacteriological parameters in order to document
water quality conditions in the area. Benthic
sediment samples are collected semiannually to



monitor macrobenthic invertebrate communities and
sediment conditions. Trawl surveys are performed
quarterly to monitor communities of demersal fishand
large, bottom-dwelling invertebrates (megabenthos).
Additionally, analyses of fish tissues are performed
semiannually to assess the bioaccumulation of
chemical constituents that may have ecological or
human health implications.

RaANDOM SAaMPLE REGIONAL SURVEYS

In addition to the core fixed-station sampling, the
City typically conducts a summer benthic survey
of sites distributed throughout the entire San Diego
region as part of the monitoring requirements
for the South Bay program. These surveys are
based on an array of stations that are randomly
selected by the United States Environmental
Protection Agency (USEPA) using the probability-
based Environmental Monitoring and Assessment
Program (EMAP) design. Surveys conducted in
1994, 1998, 2003, and 2008 involved other major
southern California dischargers, were broader in
scope, and included sampling sites representing the
entire Southern California Bight (SCB) from
Cabo Colonet, Mexico to Point Conception, USA.
These surveys included the Southern California
Bight Pilot Project (SCBPP) in 1994, and the
1998, 2003 and 2008 SCB Regional Monitoring
Programs (i.e., Bight’98, Bight’03, and Bight’08,
respectively). Results of the 1994-2003 regional
programs are available in Bergen et al. (1998, 2001),
Noblet et al. (2002), Ranasinghe et al. (2003, 2007),
and Schiff et al. (2006), whereas analysis of data for
Bight’08 is currently underway. A separate regional
survey for San Diego was not conducted in 2004
in order to conduct the first phase of a “sediment
mapping” study pursuant to an agreement with the
San Diego Regional Water Quality Control Board
(RWQCB) and USEPA (see Stebbins et al. 2004,
City of San Diego 2005).

The same randomized sampling design was used
to select 40 new stations per year for each of the
summer surveys restricted to the San Diego region
in 1995-1997 and 1999-2002. Beginning in 2005,
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Figure 1.2

Regional benthic survey stations for the South Bay
Ocean Outfall Monitoring Program during 2010.
|
however, an agreement was reached between the
City, RWQCB and USEPA to revisit the same
sites successfully sampled 10 years earlier in order
to facilitate comparisons of long-term changes in
benthic conditions. Unsuccessful sampling during
all of these surveys was typically due to the presence
of rocky substrates that made it impossible to
collect benthic grab samples. Thus, 36 sites were
revisited in 2005, 34 sites in 2006, and 39 sites
in 2007. As indicated above, no separate survey for
the San Diego region was conducted in 2008 due
to participation in Bight’08. In 2009, sampling was
conducted at the 34 sites originally sampled in 1999
as well as six additional new sites located further
offshore in waters deeper than 200 m (see City of
San Diego 2010). These latter six stations were added
to provide information on deeper continental slope
habitats off San Diego. The summer 2010 regional
survey reported herein involved sampling 40 new
randomly selected stations (Figure 1.2) provided




by the USEPA and covering an area ranging from
Del Mar in northern San Diego County south to
the USA/Mexico border, and extending offshore
from depths of about 9 to 433 m. These stations
included 33 sites located at continental shelf
depths <200 m and 7 upper slope stations located
at depths >200 m.
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Chapter 2. Oceanographic Conditions

INTRODUCTION

The City of San Diego monitors oceanographic
conditions in the region surrounding the South
Bay Ocean Outfall (SBOO) to assist in evaluating
possible impacts of wastewater discharge on the
marine environment. Measurements of water
temperature, salinity, density, light transmittance
(transmissivity), dissolved oxygen and pH, in
conjunction with biological indicators such as
chlorophyll concentrations, are important indicators
of biological and physical oceanographic processes
(Skirrow 1975) that can impact marine life within
a region (Mann 1982, Mann and Lazier 1991). In
addition, because the fate of wastewater discharged
into marine waters is determined not only by the
geometry of an ocean outfall’s diffuser structure
and the rate of discharge, but also by oceanographic
factors that govern water mass movement
(e.g.,horizontaland vertical mixing of the water
column, current patterns), evaluations of physical
parameters that influence the mixing potential of the
water column are important components of ocean
monitoring programs (Bowden 1975, Pickard and
Emery 1990). For example, the degree of vertical
mixing or stratification, and the depth at which the
water column is stratified, indicates the likelihood
and depth of wastewater plume trapping.

In relatively nearshore waters such as the SBOO
monitoring region, oceanographic conditions
are strongly influenced by seasonal changes
(Bowden 1975, Skirrow 1975, Pickard and
Emery 1990). Southern California weather can
generally be classified into a wet, winter season
(typically December through February) and a dry,
summer season (typically July through September)
(NOAA/NWS 2010), and differences between these
seasons affect oceanographic conditions such as
water column stratification and current patterns.
For example, storm activity during southern
California winters brings higher winds, rain, and
waves which often contribute to the formation of a
well-mixed, relatively homogenous or non-stratified
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water column (Jackson 1986). The chance that
wastewater plumes from sources such as the SBOO
may surface is highest during such times when the
water column is well mixed and there is little, if
any, stratification. These conditions often extend
into spring as the frequency of storms decreases and
the transition from wet to dry conditions begins. In
late spring the increasing elevation of the sun and
longer days begin to warm surface waters resulting
in increased surface evaporation (Jackson 1986).
Mixing conditions also diminish with decreasing
storm activity, and seasonal thermoclines and
pycnoclines become re-established. Once the
water column becomes stratified again by late
spring, minimal mixing conditions typically remain
throughout the summer and early fall months. In
the fall, cooler temperatures, along with increases
in stormy weather, begin to cause the return of well-
mixed water column conditions.

Understanding changes in oceanographic conditions
due to natural processes like the seasonal patterns
described above is important since they can affect
the transport and distribution of wastewater, storm
water and other types of turbidity (e.g., sediment,
contaminant) plumes. In the South Bay outfall
region these include plumes associated with tidal
exchange from San Diego Bay, outflows from the
Tijuana River in U.S. waters and Los Buenos Creek
in northern Baja California, storm water discharges,
and runoff from local watersheds. For example,
flows from San Diego Bay and the Tijuana River
are fed by 1075 km? and 4483 km? of watershed,
respectively, and can contribute significantly to
nearshore turbidity, sediment deposition, and
bacterial contamination (see Largier et al. 2004,
Terrill et al. 2009). Overall, these different sources
can affect water quality conditions both individually
and synergistically.

This chapter describes the oceanographic conditions
that occurred in the South Bay outfall region during
2010. The main objectives are to: (1) describe
deviations from expected oceanographic patterns,



(2) assess possible influence of the SBOO
wastewater discharge relative to other input
sources, (3) determine the extent to which water
mass movement or water column mixing affects
the dispersion/dilution potential for discharged
materials, and (4) demonstrate the influence
of natural events such as storms or El Nifio/
La Nifia oscillations. The results of remote sensing
observations (e.g., aerial and satellite imagery)
may also provide useful information on the
horizontal transport of surface waters (Pickard
and Emery 1990, Svejkovsky 2011). Thus,
this chapter combines measurements of physical
oceanographic parameters with assessments of
remote sensing data to provide further insight into
the transport potential in coastal waters surrounding
the SBOO discharge site. The results reported
herein are also referred to in subsequent chapters to
explain patterns of indicator bacteria distributions
(see Chapter 3) or other changes in the local marine
environment (see Chapters 4-7).

MATERIALS AND METHODS
Field Sampling

Oceanographic measurements were collected
at fixed sampling sites located in a grid pattern
encompassing an area of ~300 km? surrounding the
SBOO (Figure 2.1). These forty offshore stations
(designated 11-140) are located ~3.4-14.6 km
offshore along or adjacent to the 9, 19, 28, 38 and
55-m depth contours. The stations were sampled
monthly, usually over a 3-day period; the only
exception was during April 2010 when offshore
water quality sampling was not conducted due to
a Bight’08 resource exchange. Sites were grouped
together during each sampling period as follows:
“North Water Quality” stations 128-138 (n=11);
“Mid Water Quality” stations 112, 114-119, 122127,
139, 140 (n=15); “South Water Quality” stations 11—
111, 113, 120, 121 (n=14). See Appendix A.1 for the
actual dates samples were collected during 2010.

Data for the various oceanographic parameters
were collected using a SeaBird conductivity,
temperature, and depth instrument (CTD). The CTD

was lowered through the water column at each
station to collect continuous measurements of water
temperature, salinity, density, pH, transmissivity
(a proxy for water clarity), chlorophyll a (a proxy
for the presence of phytoplankton), and dissolved
oxygen (DO). Profiles of each parameter were then
constructed for each station by averaging the data
values recorded over 1-m depth intervals. This data
reduction ensured that physical measurements used
in subsequent analyses could correspond to discrete
sampling depths for indicator bacteria (see Chapter 3).
Visual observations of weather and water conditions
were recorded just prior to each CTD cast.

Remote Sensing — Aerial and Satellite Imagery

Coastal monitoring of the SBOO region during
2010 included remote imaging analyses performed
by Ocean Imaging (OI) of Solana Beach, CA. All
satellite and aerial imaging data collected during the
year are made available for review and download
from OI’s website (Ocean Imaging 2011), while
a separate annual report to summarize these data
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is also produced (Svejkovsky 2011). This chapter
includes examples of Thematic Mapper TM5
thermal satellite imagery. Examples of multispectral
color imagery from OI’'s DMSC-MKI| aerial sensor
and thermal infrared (IR) imagery from a Jenoptik
thermal imager integrated into the system are also
included. Additionally, color images from the
Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite are included in the Water Quality
chapter (see Chapter 3). These technologies differ
in terms of their resolution, frequency of collection,
depth of penetration, and detection capabilities as
described in the “Technology Overview” section of
Svejkovsky (2011).

Data Treatment

The various water column parameters measured
in 2010 were summarized as monthly means
of surface (top 2 m) and bottom (bottom 2 m)
waters over all stations located along each of
the 9, 19, 28, 38 and 55-m depth contours to
provide an overview of trends throughout the
entire year. For spatial analysis, 3-dimensional
graphical views were created for each month using
Interactive Geographical Ocean Data System
software (IGODS), which uses a linear interpolation
between stations and with depth at each site. In
most cases, inclusion of these analyses was limited
herein to four monthly surveys representative of the
winter (February), spring (May), summer (August),
and fall (November) seasons. These surveys were
selected because they correspond to the quarterly
water quality surveys typically conducted as part of
the coordinated Point Loma Ocean Outfall (PLOO)
and Central Bight Regional monitoring efforts.
Additional analysis included vertical profiles using
the 1-m binned data for each parameter from the
same surveys listed above, but limited to a subset
of seven stations along the 28-m depth contour
(i.e., stations 13, 19, 112, 114, 116, 122, 127). These
profiles were created to provide a more detailed view
of data depicted in the 1IGODS graphics. Finally,
a time series of anomalies for each parameter
was created to evaluate significant oceanographic
events in the region. Anomalies were calculated
by subtracting the monthly means for each year
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between 1995-2010 from the mean of all 16 years
combined. These mean values were calculated using
data from all of the 28-m depth contour stations,
with all water column depths combined.

REsuLTS
Oceanographic Conditions in 2010

Water temperature and density

Seawater density is a product of temperature,
salinity and pressure. In the shallower coastal
waters of southern California, density is influenced
primarily by temperature differences since salinity
is relatively uniform (Bowden 1975, Jackson 1986,
Pickard and Emery 1990). This relationship was
evident in the South Bay outfall region during
2010 as indicated by the strong correlation between
temperature and density (Pearson correlation
coefficient r(11,119)=0.99, p<0.001; Figure 2.2).
However, some deviations occurred as a result
of fresh water runoff into the survey area during
February, March, and December; each were months
with relatively high levels of rainfall (see Table 3.1
for rainfall levels). Because of this strong
relationship, changes in density typically mirror
those in water temperatures, and results discussed
below for temperature can be assumed to also apply
to density.

Mean surface temperatures across the entire SBOO
region ranged from 12.9°C in December to 19.1°C
in October, while bottom temperatures averaged
from 10.2°C in June to 16.4°C in October in 2010
(Table 2.1). Overall, these surface and bottom water
temperatures were lower than during 2009. For
example, surface temperatures peaked in September
2009 at about 21°C (City of San Diego 2010).
As expected, the lowest temperatures of the
year occurred at bottom depths during the spring
and summer (Table 2.1, Figure 2.3, Figure 2.4).
These colder bottom waters, which likely reflect
coastal upwelling, entered the SBOO region as
early as February at northern offshore stations
(Figure 2.4A). Temperatures also varied as
expected by season, with the water column ranging
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Scatterplot of temperature and density for SBOO stations sampled in 2010.
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from mixed in the winter, to highly stratified in late
summer/early fall, to less stratified in late fall.
However, the water column was not as well-mixed
during January and February 2010 as it has been
in previous years, with average temperatures
differing between surface and bottom depths
by as much as 3°C. Since temperature is the
main contributor to water column stratification in
southern California (Dailey et al. 1993, Largier et al.
2004), differences between surface and bottom
temperatures were important to limiting the
surfacing potential of the wastewater plume during
certain times of the year. Results from remote
sensing observations and discrete bacteriological
samples indicated that the plume surfaced during
January, February, March and December when
the water column was more mixed, but was
never detected in surface waters between April
and November, when the water column was

16

stratified enough to keep the plume submerged
(e.g., Figure 2.5; see also Svejkovsky 2011).

Salinity

Average salinities for surface waters in the SBOO
region ranged from a low of 33.18 psu in December
to a high of 33.57 psu in June and July, and from
33.36 psu in November to 34.00 psu in June at
bottom depths (Table 2.1). Relatively low salinity
values (e.g., <33.50 psu) were observed at the
surface across parts of the region during the rainy
months of January, February, March and December,
often with the lowest values at stations located near
the mouth of the Tijuana River or the entrance to
San Diego Bay (e.g., Figure 2.6A). In contrast,
high salinity values (e.g., >33.65 psu) extended
across most of the region at bottom depths in the
spring and summer and correspond to the lower
temperatures found at bottom depths as described
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Table 2.1

Summary of temperature, salinity, dissolved oxygen, pH, transmissivity, and chlorophyll a for surface and bottom
waters in the SBOO region during 2010. Values are expressed as means for each month pooled over all stations
along each depth contour.

Depth  Contour Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec

Temperature (°C)
9-m Surface 1471 1561 1321 ns 1500 17.65 14.84 1539 16.26 18.19 15.61 13.05
Bottom 1460 1485 12.72 ns 1229 1585 11.49 11.90 15.30 16.41 14.78 12.69

19-m Surface  14.86 1560 13.67 ns 1596 17.31 14.99 1548 16.48 18.38 15.81 12.88
Bottom 1465 14.16 1231 ns 1140 1148 10.65 10.75 12.66 1459 13.09 12.19

28-m Surface 1491 1557 13.76 ns 1579 16.81 15.84 16.36 16.80 18.72 16.19 12.97
Bottom 1474 1381 11.34 ns 1094 10.73 1041 1051 11.91 13.28 12.36 11.93

38-m Surface  15.24 1572 1448 ns 1596 16.38 1552 16.42 17.10 18.89 16.58 13.09
Bottom 1472 1286 11.05 ns 10.77 10.38 10.29 10.46 11.45 1239 11.94 11.38

55-m Surface  15.26 1554 1478 ns 1524 16.86 17.80 16.37 17.01 19.08 16.64 13.38
Bottom 13.94 1258 1091 ns 10.61 10.22 10.27 10.32 10.91 11.20 11.08 11.04

Salinity (psu)
9-m Surface  33.40 33.32 3326 ns 33.50 33.52 33.54 33.50 33.46 33.47 33.40 33.41
Bottom 33.40 3338 3344 ns 3354 3357 3350 33.54 33.46 33.42 33.39 33.42

19-m Surface 33.39 33.36 3340 ns 3351 3350 3355 3351 3344 3347 3341 3341
Bottom 33.40 3341 3351 ns 33.62 33.66 33.54 33.61 33.47 33.38 33.36 33.44

28-m Surface 33.37 33.36 33.38 ns 3352 3351 3354 3352 3347 3351 3342 33.18
Bottom 33.39 3342 3363 ns 3373 33.70 3358 33.66 33.49 33.39 33.36 33.41

38-m Surface 3341 33.34 3336 ns 3350 3353 3353 3354 3346 3352 3345 33.37
Bottom 33.39 3346 3369 ns 3379 33.81 33.65 33.77 33.49 33.40 33.39 33.44

55-m Surface 33.43 33.39 3335 ns 3349 3357 3357 3344 3346 3354 3344 33.39
Bottom 33.40 3349 3371 ns 3390 34.00 33.65 33.80 33.57 33.45 33.43 33.48

Dissolved Oxygen (mg/L)
9-m Surface 798 797 735 ns 821 995 755 991 922 785 849 851
Bottom 776 733 6.34 ns 539 794 556 6.78 837 758 737 7.66

19-m Surface 788 794 7.75 ns 887 9.17 7.69 1034 934 804 874 8.50
Bottom 753 6.77 582 ns 361 513 518 456 6.19 7.22 6.16 7.21

28-m Surface 754 8.07 8.04 ns 868 850 797 1058 877 7.77 8.41 8.61
Bottom 731 645 478 ns 294 399 505 431 491 6.61 6.01 6.45

38-m Surface 756 8.13 873 ns 882 866 794 1023 883 7.63 848 9.36
Bottom 718 572 443 ns 284 342 456 346 492 6.03 553 570

55-m Surface 735 8.13 9.00 ns 8.74 828 828 875 855 754 827 872
Bottom 6.22 549 435 ns 273 245 463 370 428 562 598 5.53
ns=not sampled (see text)
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Table 2.1 continued

Depth Contour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

pH

9-m Surface 8.19 8.15 8.05 ns 822 834 802 824 825 826 815 8.17
Bottom 8.18 8.11 8.00 ns 794 820 7.87 805 8.18 820 8.08 8.09

19-m  Surface 8.19 8.17 8.10 ns 8.31 8.27 8.03 827 8.27 826 820 8.16
Bottom 8.17 8.07 798 ns 779 791 779 7.85 800 8.15 796 8.02

28-m  Surface 8.17 8.17 8.14 ns 828 820 8.08 829 825 826 819 8.18
Bottom 815 805 790 ns 774 780 777 7.81 789 8.08 792 7.95

38-m  Surface 8.17 820 8.23 ns 828 821 810 829 8.26 824 820 8.20
Bottom 814 799 7.87 ns 773 7775 7775 7.76 791 8,01 7.88 7.89

55-m  Surface 8.10 8.17 8.22 ns 8.23 8.18 8.18 820 8.23 8.23 8.18 8.16
Bottom 803 796 7.85 ns 770 767 793 7.76 783 7.95 7.89 7.86

Transmissivity (%)
9-m  Surface 7140 58.60 55.75 ns 67.55 63.75 71.25 67.25 69.80 80.25 77.20 74.05
Bottom 70.76 46.22 58.35 ns 66.52 74.23 73.37 63.18 76.63 71.64 74.33 72.09

19-m  Surface 79.50 73.72 71.33 ns 7422 73.94 77.06 69.89 75.28 83.22 83.06 78.39
Bottom 77.00 63.65 75.00 ns 67.83 75.65 8521 79.75 80.35 76.46 77.39 74.29

28-m  Surface 82.15 7788 78.46 ns 82.04 81.85 78.73 71.81 80.77 89.04 86.42 79.23
Bottom 78.76 74.43 82.07 ns 75.00 84.78 89.48 85.75 83.60 81.29 85.45 83.08

38-m  Surface 87.00 83.38 79.63 ns 8538 75.13 81.63 71.63 82.75 90.00 87.75 77.75
Bottom 82,58 77.38 8325 ns 74.70 89.00 89.83 82.58 87.62 86.27 87.58 81.40

55-m  Surface 88.50 85.63 77.13 ns 85.63 83.38 82.88 81.88 85.50 90.00 88.50 81.38
Bottom 86.93 8543 85.86 ns 86.57 88.91 89.57 88.36 89.00 90.79 90.64 89.14

Chlorophyll a (ug/L)
9-m  Surface 894 447 749 ns 1287 29.72 558 23.07 25.00 8.03 840 7.26
Bottom 10.70 7.21 822 ns 2334 1090 7.38 40.63 11.73 9.32 8.83 761

19-m  Surface 332 303 6.16 ns 6.25 13.15 553 16.33 1269 840 393 8.05
Bottom 471 393 513 ns 30.24 1893 340 1529 691 7.20 5.61 11.24
28-m  Surface 260 245 377 ns 261 379 455 986 699 319 205 6.57
Bottom 440 338 182 ns 2470 944 156 6.38 561 543 6.28 7.91
38-m  Surface 219 141 320 ns 142 6.98 3.00 843 273 202 145 11.93
Bottom 370 146 136 ns 3113 181 099 963 339 332 258 540
55-m  Surface 215 182 7.65 ns 235 543 231 696 317 214 158 12.08
Bottom 229 117 069 ns 462 077 083 058 175 163 159 241

ns=not sampled (see text)
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Figure 2.4

Vertical profiles of ocean temperature for SBOO stations during (A) February, (B) May, (C) August, and

(D) November 2010.

above (e.g., Figure 2.6). Taken together, these
factors are indicative of coastal upwelling that is
typical for this time of year (Jackson 1986).

There was some evidence of another region-wide
phenomenon in the SBOO region during the spring,
summer, and fall of 2010, when a thin layer of
salinity values below about 33.40 psu occurred
at sub-surface depths between ~10 and 20 m
(e.g., Figure 2.6, Figure 2.7, Appendix A.2). It seems
unlikely that this sub-surface salinity minimum
(SSM) could be due to SBOO discharge for several
reasons. First, no evidence has ever been reported of
the plume extending simultaneously throughout the
region in so many directions. Instead, results from
remote sensing observations (Svejkovsky 2010)
and other oceanographic studies (e.g., Terrill et al.
2009) have demonstrated that the SBOO plume
disperses in one specific direction at any given time
(e.g., south, southeast, north). Second, seawater
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samples collected at the same depths and times did
not contain elevated levels of indicator bacteria
(see Chapter 3). Third, similar SSMs have been
reported previously off San Diego and elsewhere in
southern California, including: (a) the Point Loma
monitoring region during the summer and fall of
2009 (City of San Diego 2010); (b) coastal waters
off Orange County, California for many years
(e.g., OCSD 1999); (c) coastal waters extending
as far north as Ventura, California (OCSD 2009).
Further investigations are required to determine the
possible source(s) of this phenomenon.

When compared to the region-wide phenomenon
described above, salinity levels were found to be
even lower (i.e., <33.30 psu) at a few stations
close to the SBOO at various depths during almost
every survey. For example, salinity values were as
low as 33.29 stations 112 and 19 during February
(Figure 2.7A), when other stations never had



iy
San Diego Water Quality Monitoring
South Bay Outfall

Thermal Imagery

Figure 2.5

1=

-«

San Diego Water Quality Monitoring
South Bay Outfall

DMSC images of the SBOO and coastal region acquired on February 15, 2010, demonstrating when the SBOO
plume reaches the surface (left), and on August 11, 2010, demonstrating when the SBOO plume is submerged
under the thermocline (right) (see text; images from Ocean Imaging 2011).
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salinity values below 33.35 psu (Figure 2.6A).
Further, salinity values reached as low as
33.27 psu at stations 112, 114, and 116 during
November (Figure 2.7D), which was about 0.12
psu less than other stations along the 28-m depth
contour at that time (Figure 2.6D).

Dissolved oxygen and pH

Dissolved oxygen (DO) concentrations averaged
from 7.35 to 10.58 mg/L in surface waters and from
2.4510 8.37 mg/L in bottom waters across the South
Bay outfall region in 2010, while mean pH values
ranged from 8.02 to 8.29 in surface waters and from
7.67 to 8.20 in bottom waters (Table 2.1). Changes
in pH were closely linked to changes in DO since
both parameters tend to reflect the loss or gain of
carbon dioxide associated with biological activity
in shallow waters (Skirrow 1975).

Stratification of the water column followed normal
seasonal patterns for DO with the greatest variations
and maximum stratification occurring during the
spring and summer (e.g., Appendices A.3, A.4).
Low concentrations of DO at mid- and deeper
depths during spring and summer months likely
result from cold, saline and oxygen poor ocean
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water moving inshore during periods of coastal
upwelling as indicated above for temperature and
salinity. In contrast, very high DO values just
below surface waters (i.e., at the thermocline) were
likely the result of phytoplankton blooms as these
high DO values correspond with high chlorophyll
values at the same depths during the same surveys.
Deviations of DO concentrations at stations close to
the outfall (i.e., stations 112 and 116) were apparent
only during November (Appendix A.4D). These
variations were slight (<1.2 mg/L) and highly
localized. The variations were so small, in fact,
that they were not apparent in the 3-D graphics
(Appendix A.3D).

Transmissivity

Transmissivity appeared to be within historical
ranges in the SBOO region during 2010 with
average values of 56-90% on the surface and 46—
91% in bottom waters (Table 2.1). Water clarity
was consistently greater at the offshore monitoring
sites than in nearshore waters by as much as 27%
at the surface and 39% at the bottom. Reductions
in water clarity that occurred at various depths
across the region (including stations nearest the
outfall) throughout the year tended to co-occur with
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Figure 2.7

Vertical profiles of salinity for SBOO stations during (A) February, (B) May, (C) August, and (D) November 2010.
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peaks in chlorophyll concentrations associated with
phytoplankton blooms (e.g., Appendices A.5, A.6;
see also Svejkovsky 2011). Lower transmissivity
along the 9-m depth contour during the winter
and fall months may also have been due to wave
and storm activity stirring up bottom sediments or
particulate-laden runoff. Changes in transmissivity
levels relative to wastewater discharge were not
discernible during the year.

Chlorophyll a

Mean concentrations of chlorophyll a ranged from
0.69 ug/L in bottom waters at the offshore sites
during March to 40.63 pg/L at inshore bottom
depths in August (Table 2.1). However further
analysis clearly showed that the highest chlorophyll
values tended to occur at mid- and deeper depths
(e.g., Appendix A.6, A.7), reflecting the fact that
phytoplankton tend to mass at the bottom of the
pycnocline where nutrient levels are greatest. The
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highest concentrations of chlorophyll for 2010
occurred during May and August across much
of the region and corresponded to the coastal
upwelling indicated by the low water temperatures,
high salinity, and low DO values at bottom depths
described above. The relationship between coastal
upwelling and subsequent plankton blooms has
been well documented by remote sensing imagery
over the years (Figure 2.8; Svejkovsky 2011).

Historical Assessment
of Oceanographic Conditions

A review of oceanographic data from all stations
along the 28-m depth contour sampled between
1995 and 2010 did not reveal any measurable
impact that could be attributed to the beginning of
wastewater discharge via the SBOO (Figure 2.9).
Instead, these data tend to track changes in large
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scale patterns in the California Current System
(CCS) observed by CalCOFI (Peterson et al. 2006,
McClatchie et al. 2008, 2009, Bjorkstedt et al.
2010, NOAA/NWS 2011). For example, six major
events have affected the CCS during the last
decade: (1) the 1997-1998 El Nifio event; (2) a
shift to cold ocean conditions between 1999-2002;
(3) a subtle but persistent return to warm ocean
conditions beginning in October 2002 that lasted
through 2006; (4) intrusion of subarctic surface
waters resulting in lower than normal salinities
during 2002-2004; (5) development of a moderate
to strong La Nifa event in 2007 that coincided with
a cooling of the Pacific Decadal Oscillation (PDO);
and (6) development of a second La Nifia event
starting in May 2010. Temperature and salinity
data for the South Bay region are consistent with
all but the third of these CCS events; i.e., while the
CCS was experiencing a warming trend that lasted
through 2006, the SBOO region experienced cooler
than normal conditions during 2005 and 2006. The
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conditions in southern San Diego waters during these
two years were more consistent with observations
from northern Baja California (Mexico) where
water temperatures were well below the decadal
mean (Peterson et al. 2006). During 2008 and
2009, temperatures remained cool, but closer to the
overall average, whereas 2010 saw the return of
cold La Nifia conditions.

Water clarity (transmissivity) has generally
increased in the South Bay region since 1999,
although there have been several intermittent
periods when clarity was below normal (Figure
2.9). Transmissivity was much lower than normal
during the winter months of several years (e.g.,
1998, 2000), likely due to increased suspension
of sediments caused by strong storm activity. In
addition, below average water clarity events that
occur in the spring and early summer months are
probably related to plankton blooms such as those
observed throughout the region in 2005, 2008,
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2009 and 2010 (see City of San Diego 2006, 2009,
2010 and the discussion in the previous section). In
contrast, water clarity during 2006 and 2007 was
mostly above the historical average. These latter
results are indicative of reduced turbidity due to
decreased storm activity and lower rainfall totals of
less than 11 inches for these two years.

There were no apparent trends in DO
concentrations or pH values related to the SBOO
discharge (Figure 2.9). These parameters are
complex, dependent on water temperature and
depth, and sensitive to physico-chemical and
biological processes (Skirrow 1975). Moreover,
DO and pH are subject to diurnal and seasonal
variations that make temporal changes difficult to
evaluate. However, DO values below the historical
average appear to be related to low levels of
chlorophyll or strong upwelling periods.

Discussion

The South Bay outfall region was characterized
by typical seasonal patterns in 2010, which
included coastal upwelling and corresponding
phytoplankton blooms that were strongest during
the spring and summer and occurred across
the entire region. Upwelling was indicated by
relatively cold, dense, saline waters with low DO
levels at mid-depths and below. Plankton blooms
were indicated by high chlorophyll concentrations
and confirmed by remote sensing observations
(i.e., aerial and satellite imagery). Additionally,
water column stratification followed typical
patterns for the San Diego region, with maximum
stratification occurring in late summer and
reduced stratification during the winter. Further,
oceanographic conditions remained notably
consistent with changes in large scale patterns
observed by CalCOFI (Peterson et al. 2006,
Goericke et al. 2007, McClatchie et al. 2008,
2009, Bjorkstedt et al. 2010, NOAA/NWS 2011),
or they were consistent with data from northern
Baja California (Peterson et al. 2006). These
observations suggest that other factors such as
upwelling of deep offshore waters and large-scale
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oceanographic events (e.g., ElI Nifio, La Nifa)
continue to explain most of the temporal and
spatial variability observed in oceanographic
parameters off southern San Diego.

As expected, satellite and aerial imagery detected
the signature of the SBOO wastewater plume
in near-surface waters above the discharge site
on several occasions between January—March
and in December when the water column was
less stratified (Svejkovsky 2011). In contrast,
the plume appeared to remain deeply submerged
between April-November when the thermocline
was stronger. Results from bacteriological surveys
further support the conclusion that the plume only
reached surface or near-surface waters during
the winter when the water column was mixed
(see Chapter 3). In addition, historical analysis of
remote sensing observations made between 2003
and 2009 provides no evidence that the wastewater
plume from the SBOO has reached the shoreline
(Svejkovsky 2010). These findings were supported
in 2010 by the application of IGODS analytical
techniques to the oceanographic data collected by
the City’s ocean monitoring program. For example,
while small salinity differences were observed at
stations close to the outfall discharge site, it was
clear from these analyses that any variations among
stations at any particular depth were very slight and
highly localized.
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Chapter 3. Water Quality

Seawater samples are collected and analyzed as
part of the South Bay Ocean Outfall (SBOO)
monitoring program to characterize water quality
conditions in the region and to identify possible
impacts of wastewater discharge on the marine
environment and along the shoreline. Various
water chemistry parameters and densities of fecal
indicator bacteria (FIB), including total coliforms,
fecal coliforms, and enterococcus, are measured and
evaluated along with data on local oceanographic
conditions (see Chapter 2) to provide information
about the movement and dispersion of wastewater
discharged into the Pacific Ocean through the
outfall. Evaluation of these data may also help
to identify other point or non-point sources of
bacterial contamination. In addition, the City’s
water quality monitoring program is designed to
assess compliance with water contact standards as
established in the California Ocean Plan (Ocean Plan),
which defines bacterial water quality objectives and
standards with the intent of protecting the beneficial
uses of State ocean waters (SWRCB 2001, 2005).

Because there are multiple natural and anthropogenic
sources that can impact water quality, distinguishing
a wastewater plume from other sources of bacterial
contamination in ocean waters is often challenging.
This is especially true in the SBOO region. For
example, previous studies in the area have shown
that tidal exchange from San Diego Bay, outflows
from the Tijuana River in U.S. waters and Los
Buenos Creek in northern Baja California,
storm water discharges, and runoff from local
watersheds have a large impact on nearshore
bacteria levels (Noble et al. 2003, Largier et al.
2004, Gersberg et al. 2008, Griffith et al. 2009,
Terrill et al. 2009). Likewise, it has been shown
that kelp and seagrass beach wracks, storm drains
impacted by tidal flushing, and beach sediments
can act as reservoirs, cultivating bacteria until high
tide returns and/or other disturbances release them
into nearshore waters (Gruber et al. 2005, Martin
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and Gruber 2005). Finally, the presence of birds
and their droppings have been related to bacterial
exceedances that may impact nearshore water
quality (Grant et al. 2001, Griffith et al. 2009).

This chapter presents analyses and interpretations of
bacterial densities and water chemistry data collected
during 2010 at monitoring sites surrounding the
SBOO. The primary goals are to: (1) evaluate
overall water quality conditions in the SBOO
monitoring region, (2) differentiate among various
sources of bacterial contamination into the survey
area, including the SBOO wastewater plume,
(3) evaluate potential movement and dispersal of
wastewater discharged via the SBOO, and (4) assess
compliance with water contact standards as defined
in the Ocean Plan. In addition, this chapter assesses
remote sensing data to provide further insight into
the transport potential in coastal waters surrounding
the SBOO discharge site.

MATERIALS AND METHODS
Field Sampling

Seawater samples for bacteriological analyses were
collected at a total of 39 shore, kelp bed, or other
offshore monitoring sites during 2010 (Figure 3.1).
Sampling was performed weekly at 11 shore
stations to monitor FIB concentrations in waters
adjacent to public beaches. Eight of these stations
(S4, S5, S6, S8, S9, S10, S11, S12) are located
between the USA/Mexico border and Coronado,
southern California and are subject to Ocean Plan
water contact standards. The other three shore
stations (S0, S2, S3) are located in Mexican waters
off northern Baja Cal